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(54) Heat-curable compositions based on cyclic isocyanate addition products 

(57) The present invention relates to heat-curable, 
cyclic isocyanate addition products 

i) which are the reaction products of 

a) a polyisocyanate component having an aver- 
age isocyanate functionality of two or more and 
a uretdione group content (calculated as 
N 2 C 2 0 2 , MW 84) of 1 to 30%, based on the 
weight of the polyisocyanate component, with 

b) a compound containing two or more isocy- 
anate-reactive groups and 

ii) in which at least 10% by weight of the reaction 
products are in the form of cyclic groups containing 
urea and/or urethane groups. 

The present invention also relates to a process for 
the preparation of these cyclic isocyanate addition prod- 
ucts and to the products obtained by curing these com- 
positions, optionally in the presence of other 
isocyanate-reactive compounds, at elevated tempera- 
tures, e.g., coatings, adhesives, molded articles, elas- 
tomers and foams. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a process for the production of cyclic isocyanate addition products containing ure- 
tdione groups, to the resulting isocyanate addition products and to their use for the production of heat-curable coating 
compositions. 

Description of the Prior Art 

One-component polyurethane coating compositions derived from blocked polyisocyanates and polyols are an 
important class of materials for applications such as automotive OEM coatings. These one-component compositions 
are used because of the difficulties encountered when using two-component coating compositions in industrial applica- 
tions. In the two-component compositions the polyisocyanates are not blocked, which results in several disadvantages. 
The two-component compositions must be accurately mixed or the properties of the resulting coatings can be substan- 
tially affected. In addition, after the components are mixed they have a limited pot life since the components continue to 
react until an unusable solid is obtained. 

These disadvantages are not present in one-component coating compositions containing polyols and polyisocy- 
anates blocked with reversible, monofunctional blocking agents for isocyanate groups. However, there are also disad- 
vantages with one-component coating compositions, which are primarily caused by the volatilization of the blocking 
agent. The release of the blocking agent can cause blistering and yellowing in thick films and oven fouling. In addition, 
the blocking agents are considered to be volatile organic compounds (VOCs) in the same manner as organic solvents. 
Therefore, certain coating compositions may not satisfy environmental regulations solely due to the presence of block- 
ing agents. 

It is an object of the present invention to overcome the known disadvantages of one-component coating composi- 
tions caused by the presence of blocking agents without affecting the advantages of these coating compositions when 
compared to two-component coating compositions. This object can be achieved with the one-component compositions 
according to the present invention which contain special cyclic isocyanate addition products. The isocyanate addition 
products do not require blocking agents and, thus, do not release blocking agents during cure. The one-component 
compositions are stable liquid systems at room temperature and yet can be converted to isocyanate addition products 
under relatively mild thermal conditions without the release of volatile blocking agents. 

SUMMARY OF THE INVENTION 

The present invention relates to heat-curable, cyclic isocyanate addition products 

i) which are the reaction products of 

a) a polyisocyanate component having an average isocyanate functionality of two or more and a uretdione 
group content (calculated as N 2 C 2 0 2 , MW 84) of 1 to 30%, based on the weight of the polyisocyanate compo- 
nent, with 

b) a compound containing two or more isocyanate-reactive groups and 

ii) in which at least 10% by weight of the reaction products are in the form of cyclic groups containing urea and/or 
urethane groups. 

The present invention also relates to a process for the preparation of these cyclic isocyanate addition products by 
reacting the polyisocyanates and isocyanate-reactive compounds at a molar ratio of 1 :3 to 3:1 and at a concentration 
of the reactive groups of each of the reactants of less than 0.5 equivalents/liter in an inert solvent to form cyclic isocy- 
anate addition products and optionally removing at least a portion of the inert solvent. 

Finally, the present invention relates to the products obtained by curing these compositions, optionally in the pres- 
ence of other isocyanate-reactive compounds, at elevated temperatures, e.g., coatings, adhesives, molded articles, 
elastomers and foams. 

DETAILED DESCRIPTION OF THE INVENTION 



The cyclic isocyanate addition products according to the present invention contain cyclic groups corresponding to 



the formula 
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-+R , -X-C(0)-N(H)-R-N(H)-C(0)-XH S -I I 



wherein 

R' represents the residue obtained by removing two of the isocyanate-reactive groups from a compound having two 

or more isocyanate-reactive groups, 
R represents the residue obtained by removing two of the isocyanate groups from a polyisocyanate having two or 

more isocyanate groups in which at least a portion of these residues contain uretdione groups, 
X is O, N(H) or N(R") in which R" represents a monovalent hydrocarbon radical and 
n has a value of 1 to 10, preferably 1 to 6, more preferably 1 to 3 and most preferably 1 to 2. 

When difunctional reactants are used for the preparation of the cyclic addition products, formula I represents the 
structure of the resulting product. However, when one of the reactants is more than difunctional, formula I only repre- 
sents the cyclic portion of the resulting product. For example, note formula V hereinafter. 

The polyisocyanate component used to prepare the cyclic addition products according to the present invention con- 
tain uretdione groups (calculated as N 2 C 2 0 2 , MW 84) in an amount of 1 to 30% by weight, preferably 5 to 30% by 
weight and more preferably 8 to 27% by weight. Therefore, in formula at least a portion of the groups "R" contain uret- 
dione groups. 

During the conventional reaction of polyisocyanates, e.g.. diisocyanates, with compounds containing isocyanate- 
reactive groups, e.g., diols, one of the isocyanate groups of the diisocyanate reacts with one of the hydroxy groups of 
the diol to form to an initial reaction product as follows: 



OCN-R 



OCN-R 



The terminal isocyanate group of the product shown in formula II reacts with a hydroxy group from a different diol mol- 
ecule and the terminal hydroxy group reacts with an isocyanate group from a different diisocyanate molecule during ini- 
tial chain extension as follows: 

H 0 

s il 

HO-R'-OH + OCN-R-N-C-0~R'-OH + OCN-R-NCO 

III 

0 H H 0 OH 
H " I II |i | 

HO-R'-O-C-N-R-N-C-O-R'-O-C-N-R-NCO 



ICO + HO 



R' 



OH 



H 

I 

N 



R 1 OH 



Chain extension continues to form high molecular weight polymers containing the repeating structural unit 
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Therefore, the use of higher functional isocyanates or polyols in such a conventional chain extension reaction leads 
to rapid formation of crosslinked gels, which are insoluble and non-flowable. See, e.g., Odian's Principles of Polymer 
Science . 2nd Ed., Chapter 2, pages 1 12-123, Wiley & Son, N.Y. 1981. ~ 

This is not the primary reaction mechanism that takes place in accordance with the present invention. In the 
present invention the terminal hydroxy and isocyanate groups of the product of formula II or III or a higher molecular 
weight oligomer react with each other to form a cyclic reaction product corresponding to formula I in which R is the res- 
idue of a diisocyanate and R' is the residue of a diol. 

In order for the terminal isocyanate groups and isocyanate-reactive groups to react with each other (unimolecular) 
and not with other isocyanate-reactive compounds or polyisocyanates via a chain extension reaction (bimolecular), it is 
necessary to react these components at high dilution, i.e., where the reactive groups of each of the reactants are 
present at a concentration of less than 0.5 equivalents/liter, preferably less than 0.25 equivalents/liter and more prefer- 
ably less than 0.1 equivalents/liter. When reacted under these conditions, the percentage of polyisocyanate molecules 
that react to form cyclic groups is greater than 10%, preferably greater than 20 and more preferably greater than 30%. 
The remainder of the polyisocyanate molecules undergo chain extension. 

Examples of suitable polyisocyanates and compounds containing isocyanate-reactive groups that may be used to 
prepare the cyclic isocyanate addition products according to the present invention include all of the known compounds 
that are suitable for use in the preparation of isocyanate addition products, e.g., the compounds presently used for the 
production of one- and two-component coatings, foams and optionally cellular elastomers. 

Examples of suitable polyisocyanates which may be used as the polyisocyanate component include polyisocy- 
anates containing uretdione groups, which may be prepared by any of the known prior art methods, e.g., by catalytic 
dimerization in the presence of phosphine catalysts. These polyisocyanates may also be prepared in accordance with 
U.S. Patent 4,929,724 (the disclosure of which is herein incorporated by reference) by dimerizing a portion of the iso- 
cyanate groups of an organic diisocyanate in the presence of a dimerization catalyst containing phosphorus-nitrogen 
bonds and a co-catalyst containing an isocyanate-reactive group and having a pKa-value of at least 6. Another method 
for preparing these polyisocyanates is through the use of dimerization catalysts which are covalently bound to an insol- 
uble inorganic matrix substrate as disclosed in U.S. Patent 5,315,004 (the disclosure of which is herein incorporated by 
reference). 

Examples of suitable diisocyanates to be used as starting materials for preparing the polyisocyanates containing 
uretdione groups are those represented by the formula 

R(NCO) 2 

in which R represents an organic group obtained by removing the isocyanate groups from an organic diisocyanate hav- 
ing a molecular weight of about 1 12 to 1,000, preferably about 140 to 400. Diisocyanates preferred for the process 
according to the invention are those represented by the above formula in which R represents a divalent aliphatic hydro- 
carbon group having 4 to 18 carbon atoms, a divalent cycloaliphatic hydrocarbon group having 5 to 15 carbon atoms, a 
divalent araliphatic hydrocarbon group having 7 to 15 carbon atoms or a divalent aromatic hydrocarbon group having 6 
to 15 carbon atoms. 

Examples of suitable organic diisocyanates include 1 ,4-tetramethylene diisocyanate, 1 ,6-hexamethylene diisocy- 
anate. 2,2,4-trimethyl-1,6-hexamethylene diisocyanate, 1,12-dodecamethylene diisocyanate, cyclohexane-1,3- and - 
1 ,4-diisocyanate, 1 -isocyanato-2-isocyanatomethyl cyclopentane, 1 -isocyanato-3-isocyanatomethyl-3,5,5-trimethyl- 
cyclohexane (isophorone diisocyanate or IPDI), bis-(4-iso-cyanatocyclohexyl)-methane, 2,4 , -dicyclohexyl-methane 
diisocyanate, 1,3- and l,4-bis-(isocyanatomethyl)-cyclohexane, bis-(4-isocyanato-3 methyl-cyclohexyl)-methane, 
a,a,a',a-tetramethyl-1,3- and/or -1 ,4-xylylene diisocyanate, 1-isocyanato-1-methyl-4(3)-isocyanatomethyl cyclohex- 
ane, 2,4- and/or 2,6-hexahydrotoluylene diisocyanate, 1,3-and/or 1,4-phenylene diisocyanate, 2,4- and/or 2,6-toluylene 
diisocyanate, 2,4- and/or 4,4'-diphenyl-methane diisocyanate, 1,5-diisocyanato naphthalene and mixtures thereof. 

Polyisocyanates containing 3 or more isocyanate groups such as 4-isocyanatomethyl-1 r 8-octamethylene diisocy- 
anate and aromatic polyisocyanates such as,4,4\4 M -triphenylmethane diisocyanate and polyphenyl polymethylene 
polyisocyanates obtained by phosgenating aniline/formaldehyde condensates may also be used. 
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To prepare the polyisocyanate component of the present invention, the poiyisocyanates containing uretdione 
groups may be exclusively used or they may be blended with the previously described monomeric diisocyanates with 
other polyisocyanate adducts or with NCO prepolymers, preferably with other polyisocyanate adducts. Suitable polyiso- 
cyanate adducts include those containing isocyanurate, biuret, urethane, allophanate, carbodiimide and/or oxadiazine- 
trione groups. The polyisocyanate adducts have an average functionality of 2 to 6 and an NCO content of 5 to 30% by 
weight and include: 



1 ) Isocyanurate group-containing poiyisocyanates which may be prepared as set forth in DE-PS 2 616 416 EP-OS 
3,765, EP-OS 10,589, EP-OS 47,452, US-PS 4,288,586 and US-PS 4,324,879. The isocyanato-isocyanurates 
generally have an average NCO functionality of 3 to 3.5 and an NCO content of 5 to 30%, preferably 10 to 25% and 
most preferably 1 5 to 25% by weight. 

2) Biuret group-containing poiyisocyanates which may be prepared according to the processes disclosed in U S 
Patent Nos. 3,124,605; 3,358,010; 3.644,490; 3.862,973; 3,903,126; 3,903,127; 4.051,165; 4,147,714; or 
4,220,749 by using co-reactants such as water, tertiary alcohols, primary and secondary monoamines, and pri- 
mary and/or secondary diamines. These poiyisocyanates preferably have an NCO content of 18 to 22% by weight 
and an average NCO functionality of 3 to 3.5. 

3) Urethane group-containing poiyisocyanates which may be prepared in accordance with the process disclosed in 
U.S. Patent No. 3.183,112 by reacting excess quantities of poiyisocyanates, preferably diisocyanates, with low 
molecular weight glycols and polyols having molecular weights of less than 400, such as trimethylol propane, glyc- 
erine, 1,2-dihydroxy propane and mixtures thereof. The urethane group-containing poiyisocyanates have a most 
preferred NCO content of 12 to 20% by weight and an (average) NCO functionality of 2.5 to 3. 

4) Allophanate group-containing poiyisocyanates which may be prepared according to the processes disclosed in 
U.S. Patent Nos. 3.769.318, 4,160,080 and 4,177,342, and copending application, U.S. Serial No. 08/432.285. The 
allophanate group-containing poiyisocyanates have a most preferred NCO content of 12 to 21% by weight and an 
(average) NCO functionality of 2 to 4.5. Preferred catalysts for the preparation of these poiyisocyanates include 
organic tin(ll) salts such as tin(ll) octoate. 

5) Isocyanurate and allophanate group-containing poiyisocyanates which may be prepared in accordance with the 
processes set forth in U.S. Patents 5,124,427. 5,208,334, 5,235,018 and 5,444,146, the disclosures of which are 
herein incorporated by reference, preferably poiyisocyanates containing these groups in a ratio of monoisocyanu- 
rate groups to monoallophanate groups of about 10:1 to 1:10, preferably about 5:1 to 1 :7. 

6) Carbodiimide group-containing poiyisocyanates which may be prepared by oligomerizing di- or poiyisocyanates 
in the presence of known carbodiimidization catalysts as described in DE-PS 1,092 007 US-PS 3 152 162 and DE- 
OS 2,504,400, 2,537,685 and 2,552,350. 

7) Poiyisocyanates containing oxadiazinetrione groups and containing the reaction product of two moles of a diiso- 
cyanate and one mole of carbon dioxide. 



Preferred polyisocyanate adducts for use in combination with the poiyisocyanates containing uretdione groups are 
the poiyisocyanates containing isocyanurate groups, biuret groups or mixtures of isocyanurate and allophanate groups, 
especially poiyisocyanates containing isocyanurate groups. 

The NCO prepolymers, which may be used in combination with the poiyisocyanates containing uretdione groups, 
are prepared from the previously described monomeric poiyisocyanates or polyisocyanate adducts, preferably mono- 
meric diisocyanates, and organic compounds containing at least two isocyanate-reactive groups, preferably at least two 
hydroxy groups. These organic compounds include high molecular weight compounds having molecular weights of 400 
to about 6,000. preferably 800 to about 3,000, and optionally low molecular weight compounds with molecular weights 
below 400. The molecular weights are number average molecular weights (M n ) and are determined by end group anal- 
ysis (OH and/or NH number). Products obtained by reacting poiyisocyanates exclusively with low molecular weight 
compounds are poiyisocyanates adducts containing urethane groups and are not considered to be NCO prepolymers. 

Examples of the high molecular weight compounds are polyester polyols. polyether polyols, polyhydroxy polycar- 
bonates, polyhydroxy polyacetals, polyhydroxy polyacrylates, polyhydroxy polyester amides and polyhydroxy poly- 
thioethers. The polyester polyols, polyether polyols and polyhydroxy polycarbonates are preferred. Further details 
concerning the low molecular weight compounds and the starting materials and methods for preparing the high molec- 
ular weight polyhydroxy compounds are disclosed in U.S. Patent 4,701.480, herein incorporated by reference. 

Other examples include the known high molecular weight amine-f unctional compounds, which may be prepared by 
converting the terminal hydroxy groups of the polyols previously described to amino groups, and the high molecular 
weight polyaspartates and polyaldimines disclosed in U.S. Patents 5,243,01 2 and 5,466,771 , respectively, herein incor- 
porated by reference. 

These NCO prepolymers generally have an isocyanate content of about 0.5 to 30% by weight, preferably about 1 
to 20% by weight, and are prepared in known manner by the reaction of the above mentioned starting materials at an 
NCO/OH equivalent ratio of about 1 .05:1 to 10:1 preferably about 1 .1 :1 to 3:1 . This reaction may take place in a suitable 
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solvent which may optionally be removed by distillation after the reaction along with any unreacted volatile starting 
po yisocyanates still present. In accordance with the present invention NCO prepolymers also include NCO semi-pre- 
polymers which contain unreacted starting polyisocyanates in addition to the urethane group-containing prepolymers. 

Suitable compounds containing isocyanate-reactive groups, which may be reacted with the polyisocyanate compo- 
nent containing uretdione groups to form cyclic isocyanate addition products, include the known high and low molecular 
weight compounds containing isocyanate-reactive groups. The known low molecular weight compounds have a molec- 
ular weight of less than 400 and the known high molecular weight compounds having a molecular weight of greater than 
400, preferably 400 to 6,000 and more preferably 400 to 3.000. Examples of these compounds include the high molec- 
ular weight compounds previously described as suitable for preparing the NCO prepolymers and the low molecular 
weight compounds disclosed as being suitable for preparing these high molecular weight polyols in the references ore- 
viously incorporated by reference. 

Other examples include the low molecular weight amines such as those disclosed for preparing the high molecular 
weight polyols in the references incorporated by reference and also the low molecular weight polyaspartates and 
polyald.rn.nes disclosed in U.S. Patents 5.243,012 and 5.466,771 , respectively, herein incorporated by reference Apar- 
ticular advantage for the use of polyaspartates to prepare the isocyanate addition products is that during the subse- 
quent curing of these products the urea groups react to form thermally stable hydantoin groups 

Preferred reactants for preparing the cyclic isocyanate addition products according to the present invention are 
those having molecular weights of less than 1000, more preferably less than 400. As the molecular weight of the reac- 
tants for preparing the cyclic isocyanate addition products increases, the degree of dilution necessary to obtain cyclic 
products as opposed to chain extended products also increases. Therefore, when preparing cyclic addition products 
from a high molecular weight NCO prepolymer or from a high molecular weight polyol in which the reactive groups are 
highly separated, e.g, they are at opposite ends of a polymer chain, it is necessary to use more dilute concentrations of 
reactants to ensure that cyclization takes place instead of chain extension. 

However, it is possible to incorporate high molecular weight reactants into the cyclic isocyanate addition products 
without using more dilute concentrations. In accordance with one embodiment polymers are prepared having reactive 
groups in close proximity. For example, by capping a difunctional NCO prepolymer with an excess of a triol (such as 
glycerol or tnmethylolpropane) or a dialkanol amine (such as diethanol amine), the resulting OH functional product will 
have two hydroxy groups at each end for the subsequent cyclization reaction. Similarly, by esterifying an acid functional 
polyester with an excess of a triol, a multi-functional product is obtained having hydroxy groups in close proximity. Cor- 
responding isocyanate-functional products can be obtained by reacting compounds containing isocyanate-reactive 
groups, such as diols or polyols, with a large excess of a triisocyanate, such as the previously disclosed polyisocyanate 
adducts, to prepare products having two isocyanate groups in close proximity. 

In a second embodiment high molecular weight compounds are incorporated into the cyclic addition products after 
the cyclization reaction. For example, if one mole of a triisocyanate is reacted with one mole of a low molecular weight 
diol. a cyclization product is obtained that contains one free isocyanate group, i.e., a monoisocyanate The resulting 
monoisocyanate can be reacted with a high molecular weight polyol at an NCO:OH equivalent ratio of 1 1 to form a high 
molecular weight compound containing terminal cyclic groups. Similar products can be made by reacting a diisocyanate 
with a triol to form a cyclic monoalcohol that can subsequently be reacted with an NCO prepolymer to form a product 
containing terminal cyclic groups. 

A final embodiment for using high molecular weight compounds in accordance with the present invention is to use 
these compounds as the co-reactant for the cyclic isocyanate addition products as discussed hereinafter. 

In accordance with the present invention compounds with unequal functionalities can be reacted at an equivalent 
ratio of isocyanate groups to isocyanate-reactive groups of about 1:1 to form cyclic isocyanate addition products that 
contain both cyclic and chain extended isocyanate groups. For example, two moles of a triisocyanate can be reacted 
with three moles of a compound containing two isocyanate-reactive groups to form a product containing four cyclized 
isocyanate groups and two chain extended isocyanate groups as follows: 
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V 



In addition to products corresponding to formula V, this reaction also results in the formation of products containing 
cyclic groups corresponding to formula I wherein n is greater than 1 . 

In accordance with the present invention at least 1 0%, preferably at least 20% and more preferably at least 30% 
based on the total weight of the product, is in the form of cyclic groups containing urethane and/or urea groups For 
example, the product of formula V contains two cyclic groups corresponding to the formula -R-NH-C(0)-X-R'-X-C(0)- 
NH, The connecting group, i.e.. -NH-C(0)-X-R'-X-C(0)-NH-, is not considered to be part of the cyclic group 

Similarly, when an NCO prepolymer is capped with an excess of a trifunctional material and then reacted in a cycli- 
zation reaction the NCO prepolymer is not considered to be part of the cyclic group. Depending upon the molecular 
weight of the NCO prepolymer, the resulting cyclization products may approach the lower limit of 10% by weight of 
cydic groups, based on the weight of the product. To the contrary when a diisocyanate is reacted with a diol the entire 
product can theoretically be in the form a cyclic product. Accordingly, these products can potentially contain at least 
30% by weight of cyclic groups. 

The cyclic content can be determined by dissolving the reaction product in a suitable organic solvent, such as dime- 
thyl formamide, and then analyzing the solution using a time-of-f light secondary ion mass spectrometer (i e the TOF- 
SIMS method). This procedure is described by D M. Hercules, Journal of Molecular Structure 1993 292 o 49-64 and 
I.V. Bletsos et al, Macromolecules . 1987, 20, p. 407-413. ' 

The products according to the present invention have a weight average molecular weight which is preferably not 
more than 1000% greater, more preferably not more 700% greater than the lowest theoretical molecular weight product 
obtainable by reacting the polyisocyanate with the isocyanate-reactive compound at an equivalent ratio of isocyanate 
groups to isocyanate reactive groups of 1:1. To obtain these products, it is necessary for at least 10% preferably 20% 
and more preferably 30%. of the isocyanate and isocyanate-reactive groups to be present in cyclic groups as opposed 
to reacting ,n a chain extension reaction. For example, in the product of formula V. 67% of the isocyanate groups and 
67% of the isocyanate-reactive groups are present in cyclic groups, while the remainder of these groups have under- 
gone chain extension. 

The products obtained in accordance with the present invention differ markedly from the products that are conven- 
tionally obtained when polyisocyanates and isocyanate-reactive materials are reacted at an equivalent ratio of isocy- 
9 ?u PS *° ,soc y anate - reactive 9'oups of 1:1 as set forth in formula IV. When reacted in this manner less than 
0.05 /o of the .socyanate and isocyanate-reactive groups will be present in cyclic groups such that the resulting product 
will contain less than 0.1% of cyclic groups, based on the weight of the final product, and will have a weight average 
molecular weight which is at least 100,000% greater than the lowest theoretical molecular weight product obtainable 

The cyclic isocyanate addition products contain at least one cyclic group. When difunctional reactants are used 
e.g., diisocyanates and either diols or diamines, the resulting cyclic isocyanate addition products contain one cyclic 
group. As set forth in formula V, when triisocyanates and compounds containing two isocyanate-reactive groups are 
reacted, the resulting cyclic isocyanate addition products contain two cyclic groups. Similar products are obtained when 
diisocyanates are reacted with compounds containing three isocyanate-reactive groups. 

Products containing two cyclic groups are also obtained when compounds containing four isocyanate groups or 
four isocyanate reactive groups are reacted with compounds containing two isocyanate-reactive groups or two isocy- 
anate groups, respectively. Examples of these types of four-functional compounds have previously been described 
e.g., those prepared by reacting a diol with an excess of triisocyanate or by reacting a diisocyanate with an excess of a 
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trio. 



haViP9 1° idea "' Zed biCyCli ° StrUCtUr6 S6t f0r,h in ,ormula Vl below can b e obtained by reacting triisocy- 
anates with compounds containing three isocyanate-reactive groups 




VI 



Similarly, compounds containing a tricyclic structure can be obtained by reacting tetraisocyanates with compounds con- 
taining four isocyanate-reactive groups. 

Due to the presence of uretdione groups in the cyclic isocyanate addition products obtained in accordance with the 
present invention, these products can optionally be blended with other isocyanate-reactive compounds to form heat cur- 
able, one-component coating compositions. When these compositions are subsequently cured at elevated tempera- 
tures, the uretdione groups are cleaved to form free isocyanate groups that can react with a co-reactant containing 
isocyanate-reactive groups. y 

Suitable co-reactants for the uretdione groups include any of the co-reactants known from polyurethane chemistry. 
Examples include the isocyanate-reactive compounds that have previously been disclosed for preparing the cyclic iso- 
cyanate addition products. The co-reactants are generally present in an amount sufficient to an equivalent ratio of iso- 
cyanate groups (each uretdione group forms two isocyanate groups) to isocyanate-reactive groups of 21 to 12 
preferably 1 .2:1 to 1 :1 .2 and more preferably about 1:1 M ^ ' 

The amount of these co-reactants will also vary depending upon the content of uretdione groups present in the 
cyclic isocyanate addition products. When larger amounts of uretdione groups are present in the cyclic addition prod- 
ucts generally larger amounts of co-reactants will also be present, especially when stoichiometric amounts of isocy- 
conSnt 1 flower anate " rea ° tiVe 9r ° UPS ^ c °- reactant wi " be P resent when uretdione group 

The heat curable, one-component compositions containing the cyclic isocyanate addition products and the optional 
co-reactants of the present invention may be used for any application in which reactive two-component systems or one- 
component systems have previously been used to prepare isocyanate addition products. In this regard one-component 
systems are intended to include compositions in which either of the reactive components are blocked to prevent the iso- 
cyanate addition reaction from occurring. Suitable applications include the production molded and non-molded poly- 
urethane foams, molded elastomers, reaction injection molded optionally cellular elastomers and for the production of 
coatings and adhesives. w 

These products may be prepared from the heat-curable compositions by heating these products to a temperature 
sufficient to decompose or cleave the uretdione groups. It is also possible, generally at higher temperatures to 1) 
decompose the urethane and/or urea groups present in the cyclic compounds, reform the isocyanate and isocyanate- 
reactive compounds, and allow these compounds to react to form high molecular weight isocyanate addition products 
and/or 2) initiate a transurethanization reaction to form high molecular weight isocyanate addition products without the 
formation of free isocyanate groups. Regardless of whether the cyclic compounds are heated to reform isocyanate and 
isocyanate-reactive groups or to initiate transurethanization. they do not react to reform the cyclic isocyanate addition 
products since they are not present at high dilution. Instead they react to form high molecular weight polymers similar 
to those prepared by normal chain extension or cross-linking reactions. The temperature necessary to heat cure these 
cyclic isocyanate addition products in the absence of a catalyst is generally 80 to 300°C, preferably 1 00 to 200°C 

When a co-reactant is not present or when an excess of isocyanate groups is present from the cleaved uretdione 
groups these isocyanate groups can react with urethane and/or urea groups to form allophanate and/or biuret groups 
respectively, to provide additional cross-linking. H 

The advantages of using the products according to the present invention instead of the known two-component or 
reactive systems is that no reaction occurs until the compositions are heated above the temperature necessary to 
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reform the initial reactants and/or to initiate a transurethanization reaction. Therefore, there is no time pressure, e.g. to 
fill a mold before the components have reacted, which is extremely important in the area of reaction injection molding 
nor is it necessary to immediately use the components after they have been mixed since the pot life of the composition 
is not a concern with the products of the present invention. 

An additional advantage of the products according to the invention when compared to the known one-component 
compositions is that they do not require a blocking agent to prevent the components from reacting. Therefore, the pre- 
viously discussed disadvantages associated with the presence of the blocking agents are avoided. 

In addition to the cyclic isocyanate addition products, the compositions may also contain the known additives from 
polyurethane technology such as blowing agents, fillers, pigments, softeners, high-boiling liquids, catalysts, UV stabi- 
lizers, anti -oxidants, microbiocides, algicides, dehydrators, thixotropic agents, wetting agents, flow enhancers, matting 
agents, anti-slip agents, aerators and extenders. 

The invention is further illustrated, but is not intended to be limited by the following examples in which all parts and 
percentages are by weight unless otherwise specified. 

is EXAMPLES 

The following starting materials were used in the examples: 
Polyisocvanate 1 



w 



20 



A mixture containing 70 parts by weight of a uretdione group-containing polyisocyanate, i.e., dimerized 1,6-hexam- 
ethylene diisocyanate and 30 parts by weight of N,N',N"-tris-(6-isocyanatohexyl)isocyanurate together with minor quan- 
tities of higher homologs of both products. In its 100% solvent free form, the polyisocyanate had an average viscosity 
of 1 50 mPa.s at 23°C and an average NCO content of 22.5% (available from Miles as Desmodur N 3400). 

Polyisocvanate 2 

A round bottomed flask was charged with 2000 g of isophorone diisocyanate and 30.0g of 4-dimethyiaminopyrid- 
ine. The flask was heated to 50°C under a nitrogen atmosphere and maintained at that temperature for about 16 hours 
until the desired isocyanate content of about 27.5% was obtained by titration. Unreacted isophorone diisocyanate mon- 
omer was then removed by distillation, which was carried out at 160°C and 70-180 mTorr in a wiped film evaporator 
The resulting had an available isocyanate content of about 37.5%, a free isocyanate content of about 1 7.5%, a blocked 
isocyanate content of about 20% from uretdione groups, a monomeric diisocyanate content of about 2.5%, and a vis- 
cosity of greater than 200,000 mPa • s at 25°C. 

Examples 1 and 2 - Syntheses of Cyclic Urea 

1 00 ml of chloroform were stirred in a 3-necked round-bottomed flask fitted with a reflux condenser and a mechan- 
ical stirrer. 50 ml solutions of the isocyanate and the co-reactant were prepared separately and filled into two syringes. 
40 Using a syringe pump, the syringe contents were added to the reaction flask at room temperature, with vigorous stirring, 
over 90 min. Upon completion of the addition, 0.1 g of diethylamine was added and the reaction mixture was refluxed 
for one hour at room temperature. The solvent was then removed with a rotary evaporator under vacuum to give the 
product in quantitative yields. All the samples were soluble in dimethyl formamide (DMF). 

The reactants, concentrations (in moles per liter) and appearance of the resulting products are set forth in the fol- 
45 lowing table. 



35 





Ex. 


Isocyanate 


conc a /M 


co-reactant 


conc a ./M 


appearance 


50 


1 


Polyiso 1 


0.400 


diethylene triamine 


0.266 


white solid 




2 


Polyiso 2 


0.400 


piperazine 


0.400 


orange oil 



a Concentration of reactant solution before addition into the reaction flask 



55 



Thermal Curing of Cvclics 

The cyclic addition products of Examples 1 and 2 were dissolved in chloroform and coated onto KBr plates for IR 
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spectroscopy. No NCO absorption was observed at room temperature. The samples were then heated in a convection 
oven at 150°C for 1 hr. The NCO absorption was then observed in the IR spectra indicating that the isocyanate groups 
had been reformed. 

Examples 3 and 4 - Syntheses of Cyclic Urethane 

1800 ml of chlorobenzene were stirred in a 3-necked round-bottomed flask fitted with a reflux condenser and a 
mechanical stirrer. 100 ml solutions of the isocyanate and the co-reactant were prepared separately and filled into two 
syringes. Using a syringe pump, the syringe contents were added with vigorous stirring over 3 hr. to the reaction flask, 
which was maintained at 75°C by heating. Upon completion of the addition, 2.5 g of diethylamine was added and the 
reaction mixture was maintained at 75°C for 10 min. The solvent was then removed with a rotary evaporator under vac- 
uum to give the product in quantitative yields. All the samples were soluble in dimethyl formamide (DMF). 

The reactants, concentrations (in moles per liter) and appearance of the resulting products are set forth in the fol- 
lowing table. 



Ex. 


Isocyanate 


conc a /M 


co-reactant 


conc a ./M 


appearance 


3 


Polyiso 1 


2.2 


triethanolamine 


1.46 


pale yellow oil 


4 


Polyiso 2 


2.2 


triethanolamine 


1.2 


white solid 



a Concentration of reactant solution before addition into the reaction flask 



A drawdown having a wet film thickness of 30 u.m was prepared from the cyclic reaction product of Example 4 and 
cured for 20 min. at 200°C to form a coating having the following properties: 



MEK double rubs 


>100 


pencil hardness 


5H 



Although the invention has been described in detail in the foregoing for the purpose of illustration, it is to be under- 
stood that such detail is solely for that purpose and that variations can be made therein by those skilled in the art without 
departing from the spirit and scope of the invention except as it may be limited by the claims. 

Claims 

1 . A heat-curable, cyclic isocyanate addition product 

i) which is the reaction product of 

a) a polyisocyanate component having an average isocyanate functionality of two or more and a uretdione 
group content (calculated as N 2 C 2 0 2 , MW 84) of 1 to 30%, based on the weight of the polyisocyanate 
component, with 

b) a compound containing two or more isocyanate- reactive groups and 

ii) in which at least 10% by weight of the reaction products are in the form of cyclic groups containing urea 
and/or urethane groups. 

2. The addition product of Claim 1 wherein said cyclic groups correspond to the formula 



fR , -X-C(0)-N(H)-R-N(H)-C(0)-X-i r - I 
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wherein 

R' represents the residue obtained by removing two of the isocyanate-reactive groups from a compound hav- 
ing two or more isocyanate-reactive groups, 

R represents the residue obtained by removing two of the isocyanate groups from a polyisocyanate having two 
or more isocyanate groups in which at least a portion of these residues contain uretdione groups, 

X is 0, N(H) or N(R") in which R M represents a monovalent hydrocarbon radical and 

n has a value of 1 to 10. 

3. The addition product of Claim 2 wherein R' represents the residue obtained by removing two of the isocyanate- 
reactive groups from a compound having two or more isocyanate-reactive groups and a molecular weight of less 
than 400. 

4. The addition product of Claim 2 wherein R' represents the residue obtained by removing the isocyanate-reactive 
groups from the reaction product of an NCO prepolymer with a compound having three isocyanate reactive groups 
at an equivalent ratio of isocyanate groups to isocyanate-reactive groups of 1 :3. 

5. The addition product of Claim 2 wherein R comprises the residue obtained by removing the isocyanate groups from 
a polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

6. The addition product of Claim 3 wherein R comprises the residue obtained by removing the isocyanate groups from 
a polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

7. The addition product of Claim 4 wherein R comprises the residue obtained by removing the isocyanate groups from 
a polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

8. A heat-curable composition comprising 

A) a cyclic isocyanate addition product 

i) which is the reaction product of 

a) a polyisocyanate component having an average isocyanate functionality of two or more and a ure- 
tdione group content (calculated as N 2 C 2 0 2 , MW 84) of 5 to 30%, based on the weight of the polyiso- 
cyanate component, with 

b) a compound containing two or more isocyanate-reactive groups and 

ii) in which at least 10% by weight of the reaction products are in the form of cyclic groups containing urea 
and/or urethane groups, and 

B) an isocyanate-reactive compound. 

9. The composition of Claim 8 wherein said cyclic groups correspond to the formula 



fR-X>C(0)-N(H)-R-N(H)-C(0)-xJ I 



wherein 

R' represents the residue obtained by removing two of the isocyanate-reactive groups from a compound hav- 
ing two or more isocyanate-reactive groups, 

R represents the residue obtained by removing two of the isocyanate groups from a polyisocyanate having two 
or more isocyanate groups in which at least a portion of these residues contain uretdione groups, 

X is O, N(H) or N(R") in which R" represents a monovalent hydrocarbon radical and 

n has a value of 1 to 6. 



0. The composition of Claim 9 wherein R' represents the residue obtained by removing two of the isocyanate-reactive 
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groups from a compound having two or more isocyanate-reactive groups and a molecular weight of less than 400. 

1 1 . The composition of Claim 9 where- * R comprises the residue obtained by removing the isocyanate groups from a 
polyisocyanate adduct having two r ocyanate groups and containing uretdione groups. 

12. The composition of Claim 10 wherein R comprises the residue obtained by removing the isocyanate groups from a 
polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

13. A process for the preparation of a heat-curable, cyclic isocyanate addition product in which at least 10% by weight 
of the reaction product is in the form of cyclic groups containing urea and/or urethane groups which comprises 
reacting a polyisocyanate having two or more isocyanate groups with a compound containing two or more isocy- 
anate-reactive groups at a molar ratio of 1 :3 to 3:1 and at a concentration of the reactive groups of each of the reac- 
tants of less than 0.5 equivalents/liter in an inert solvent and optionally removing at least a portion of the inert 
solvent. 

14. The process of Claim 13 wherein said cyclic groups correspond to the formula 



R' represents the residue obtained by removing two of the isocyanate-reactive groups from a compound hav- 
ing two or more isocyanate-reactive groups, 

R represents the residue obtained by removing two of the isocyanate groups from a polyisocyanate having two 
or more isocyanate groups in which at least a portion of these residues contain uretdione groups, 

X is O, N(H) or N(R") in which R" represents a monovalent hydrocarbon radical and 

n has a value of 1 to 10. 

15. The process of Claim 14 wherein R' represents the residue obtained by removing two of the isocyanate-reactive 
groups from a compound having two or more isocyanate-reactive groups and a molecular weight of less than 400. 

16. The process of Claim 14 wherein R* represents the residue obtained by removing the isocyanate-reactive groups 
from the reaction product of an NCO prepolymer with a compound having three isocyanate reactive groups at an 
equivalent ratio of isocyanate groups to isocyanate-reactive groups of 1 :3. 

17. The process of Claim 14 wherein R comprises the residue obtained by removing the isocyanate groups from a 
polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

18. The process of Claim 15 wherein R comprises the residue obtained by removing the isocyanate groups from a 
polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

19. The process of Claim 16 wherein R comprises the residue obtained by removing the isocyanate groups from a 
polyisocyanate adduct having two isocyanate groups and containing uretdione groups. 

20. A process for the preparation of an isocyanate addition product which comprises heating the heat-curable, cyclic 
isocyanate addition product of Claim 1 at a temperature sufficient to reform the isocyanate and isocyanate-reactive 
groups and/or to initiate transurethanization, and cooling the resulting mixture. 
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i) which are the reaction products of 

a) a polyisocyanate component having an aver- 
age isocyanate functionality of two or more and 
a uretdione group content (calculated as 
N 2 C 2 0 2 . MW 84) of 1 to 30%, based on the 
weight of the polyisocyanate component, with 

b) a compound containing two or more isocy- 
anate-reactive groups and 

ii) in which at least 10% by weight of the reaction 
products are in the form of cyclic groups containing 
urea and/or urethane groups. 



The present invention also relates to a process for 
C*} the preparation of these cyclic isocyanate addition prod- 
^ ucts and to the products obtained by curing these com- 
positions, optionally in the presence of other 
^ isocyanate-reactive compounds, at elevated tempera- 
te tures, e.g., coatings, adhesives, molded articles, elas- 
i— tomers and foams. 
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